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[37] ABSTRACT

A hiquid cooled heat exchanger particularly adapted to
cool heat sinks of an electrical power supply for large
electronic systems. The heat exchanger has thin flexi-
ble walls. Pressure of the coolant within the heat ex-
changer assures a positive mechanical contact between
the heat exchanger and the heat sink, one that can
accommodate changes In dimensions of the heat sink
or heat exchanger and a lack of planarity of the sur-
faces of the heat sink without increasing the thermal
impedance between the liquid in the heat exchanger
and the heat sink. Fluid flow within the heat exchanger
Is controlled so that heat transfer efficiency between
certain areas of the flexible walls and the coolant is
maximized, which areas are proximate to the heat

sources mounted on the heat sink.

6 Claims, 4 Drawing Figures
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LIQUID COOLED HEAT EXCHANGER FOR
ELECTRONIC POWER SUPPLIES

SUMMARY OF THE INVENTION

This invention relates generally to cooling means for
an electrical power supply and more particularly to a
heat exchanger through which a liquid coolant flows to
remove heat from heat sinks on which heat producing
elements of a power supply are mounted.

Power supplies of large solid state electronic systems
such as large digital computers require regulated elec-
trical power, i.e., electrical currents at the proper volt-
age levels and amperages. In most such systems the
voltages are relatively low, iLe., from 1.5 to 12 volts,
while the magnitude of the currents is large, from 100
to 1000 amperes, for example. |

In such power supplies power diodes and reactors are
the sources of from 80 to 90% of the heat produced.
Until the present invention, the most common way to
cool such power supplies was to mount the components
on appropriately sized heat sinks which were provided
with fins. Heat was removed from the heat sinks by air
blowing along the fins. As the amount of electrical
power to be supplied by such power supplies has in-
creased, the heat produced has also increased so that
the volume of the heat sinks or the velocity of the air to
cool them or both have increased to maintain the com-
ponents of the power supply within safe operating tem-
perature ranges. A problem associated with air cooling
large power supplies is the unacceptably high noise
level associated with the high velocity of the cooling
air.

The use of a liquid cooled heat exchanger to remove
the heat from at least the major sources of a power
supply has the advantages that it avoids most of the
noise problems associated with air cooling an equiva-
lent power supply, and at the same time it significantly
reduces the total volume occupied by a power supply
since the volume of a combination of a heat sink and a
liquid cooled heat exchanger is several times smaller
than the size of air cooled heat sinks required for an
equivalent power supply.

While a liquid cooled heat exchanger solves many of
the problems associated with air cooled power supplies,

there are specific problems associated with liquid
cooled systems. One is the result of the mounting plate
or heat sink on which the major sources of heat are
mounted also being used in some power supplies as an
electrical bus. To prevent possible electrical short cir-
cuits in a power supply in which the heat sink is also
used as an electrical bus, it is necessary that the heat
exchanger be electrically isolated or insulated from the
mounting plate or heat sink it cools.

To assure long trouble-free life of the power supply
and its heat exchanger, it is desirable that the fluid
flowing in the heat exchanger not contact the electrical
insulation between the heat exchanger and the power
supply so that the fluid does not erode or absorb the
electrical insulating material over a substantial period
of time. It is also desirable that the thermal impedance
between a heat sink and the coolant in the heat ex-
changer removing heat from such sink be as low as
possible. Both of the foregoing objectives are accom-
plished in the present invention by providing the heat
exchanger with a thin flexible metal wall between the
fluid flowing in the heat exchanger and the electrical
insulation between the heat exchanger and the heat
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sink. Pressure of the coolant within the heat exchanger
assures a positive mechanical or physical contact be-
tween the heat exchanger and the heat sink, one that
can accommodate changes in dimensions of the heat
sink or the heat exchanger and a lack of flatness or
planarity of the surfaces of the heat sink without in-
creasing the thermal impedance between the liquid
within the heat exchanger and the heat sink.

Because of the substantial size of liquid cooled heat
exchangers, approximately 9 inches X 9 inches in one
example, and the size of the plate or heat sink on which
the power diodes and reactors of a power supply are
mounted, it is possible to locate the heat sources on the
heat sink in a pattern or array which substantially coin-
cides with the internal distribution of the stream lines
of the liquid coolant so that the heat transfer efficiency
of the heat exchanger is greater in those areas of the
surface of the heat exchanger nearest the heat sources
mounted on the heat sink. "

Therefore, it is an object of the present invention to
provide means for cooling sources of heat mounted on
a heat sink.

It is another object of the present invention to pro-
vide an improved liquid cooled heat exchanger for heat
sinks of an electronic power supply.

It is still another object of the present invention to
provide a liquid cooled heat exchanger for a heat sink
in which the heat sink is also an element of an electrical
circuit, in which the heat exchanger is electrically insu-
lated from the heat sink, and in which the liquid in the
heat exchanger is mechanically isolated from the elec-
trical insulation.

It is also an object of this invention to provide a liquid
cooled heat exchanger for a heat sink in which the
efficiency of heat transfer is increased in those portions
of the heat exchanger closest to the sources of the heat
mounted on the heat sink.

These and other objects of the present invention are
achieved according to one embodiment thereof by
providing a heat exchanger which has a pair of substan-
tially planar flexible walls made of a good thermal con-

ductive metal. Inlet and outlet means are provided so a
heat exchange medium or liquid coolant can flow

through the heat exchanger and contact the inner sides
of the flexible walls of the heat exchanger to conduct
heat away from heat sinks on which sources of heat are
mounted. The heat exchanger may be mounted be-
tween a pair of heat sinks and may be electrically 1so-
lated from them by thin layers of electrical insulation.
The heat sinks, insulating layers, and heat exchangers
are brought into close physical contact or proximity by
appropriate fastening means. The flow patterns of the
liquid coolant within the heat exchanger are chosen so
that higher heat transfer efficiencies between the flexi-
ble wall of the heat exchanger and the heat sinks liquid
coolant occur in those areas of the flexible wall of the
heat exchanger close to the sources of the heat
mounted on the heat sinks. The flexible wall of the heat
exchanger due to the pressure of the liquid coolant
flowing through it produces a low thermal impedance
path between the coolant in the heat exchanger and the
heat sink notwithstanding changes in the dimensions of
the heat sinks because of temperature changes, for
example, or deviations of the surfaces of the heat sinks

from being substantially planar.
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BRIEF DESCRIPTION OF THE DRAWINGS

This invention is pointed out with particularity in the
appended claims, however, other objects and features
of the invention will become more apparent and the
invention itself will be better understood by referring to
the following description and embodiments taken in
conjuntion with the accompanying drawings in which:

FIG. 1 1s an exploded perspective view illustrating the
relationships between a pair of heat sinks of a power
supply and a liquid cooled heat exchanger;

FIG. 2 1s a plan view of the assembled components
illustrated in FIG. 1;

FIG. 3 1s a section taken along line' 3—3 of FIG. 2
with sources of the heat mounted on the heat sink
illustrated in dotted lines; and

FIG. 4 1s an enlarged fragmentary section taken along

lines 4—4 of FIG. 3.
DETAILED DESCRIPTION

In FIG. 1 there is illustrated mounting plates or heat
sinks 10 and 110 of a power supply for an electronic
system such as digital computer. Since power supplies
per se do not form a part of this invention, only those
portions of a conventional power supply that are rele-

vant to an understanding of this invention are illus-
trated. On side 12 of plates 10, 110 are mounted power

diodes 14 and reactors 16. Plates 10 and 110 may be of
any suitable size but in one preferred embodiment the
area of surface 12 was slightly larger than 9 X 9 inches.
Plates 10, 110 can be made of any suitable electrical
and thermal conductor such as aluminum, copper,
silver or steel. However, in a preferred embodiment
they are made of aluminum. The thickness of the plates

Is determined primarily by thermal considerations and
the length of the mounting studs of the power diodes
14. In a preferred embodiment the thickness was one-
half inch. The surfaces 18 of plates 10 and 110 are
substantially planar. Plates 10 and 110 also serve as
electrical buses through which electrical current flows
to or from diodes 14 and reactors 16. Electrical con-
ductors which interconnect plates 10, 110 to other
components of the power supply are not illustrated.
Liquid cooled heat exchanger 20 is provided to remove
substantial quantities of heat from heat sinks 10, 110.

In one embodiment the amount of heat produced by
the diodes and reactors attached to plate 10, for exam-
ple, was in the order of 500 watts. Heat exchanger 20 is
provided with inlet means 22 and outlet means 24 so
that a liquid coolant can flow through it. To electrically
isolate heat exchanger 20 from plates 10, 110 thin

sheets of electrical insulation 26, 126 such as Mylar,
I-2 mils thick is placed between heat sinks 10, 110 and

heat exchanger 20. Heat sinks 10, 110, electrical insu-
lation 26, 126, and heat exchanger 20 are fixedly held
together by any suitable fastening means such as bolts
28 and nuts 30. It should be noted that bolts 28 do not
contact heat exchanger 20 in order to preserve the
electrical isolation between plates 10, 110 and heat
exchanger 20.

In FIGS. 3 and 4, details of heat sink 20 are illus-
trated. Heat exchanger 20 has a pair of end walls 32,
34. Side walls 36, 38 are illustrated as being tubes or
fluid conducting means. Inlets 22 and outlets 24 are
illustrated as being an integral part or extension of
conduit means 38, 36, respectively. Between end walls
32 and 34 and substantially parallel to side walls 36, 38
there is located hollow rod 40. End walls 32, 34 and
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4

side walls 36, 38 form the substantially rigid periphery
of heat exchanger 20. Flexible walls 42, 44 are secured
to walls 32, 34, 36, 38 to define a liquid containing
chamber 46. Flexible walls 42, 44 are substantially
planar when chamber 46 does not contain any liquid
coolant. Referring now to FIG. 4, it should be noted
that the diameter or rod or flow constrictor 40 is less
than the height of end walls 32, 34 and the diameter of
stde walls 36, 38 so that flexible walls 42, 44 can move
toward rod 40 a relatively substantial distance before
they contact it. Openings 48 are formed in the liquid
conduit means 36 and 38 to permit liquid coolant sup-
plied from a conventional source such as a pump,
which is not illustrated, under pressure to flow through
chamber 46. Liquid flowing through outlet 24 is re-
turned either to the source connected to inlet 22 where
it can be cooled and recirculated or possibly discharged
into any suitable sump which is not illustrated.

The locations of fluid flow directing means, or open-
ing 48 in conduits 36, 38 are chosen so that the stream
lines of fluxd flow, the paths molecules of the liquid
coolant will take, are concentrated in those areas of the
flexible wall 42, 44 which are in proximity to the major
sources of heat; i.e., diodes 14 which account for from
80 to 90% of the heat dissipated through heat sink 10,

for example, and reactors 16. Diodes 14 and reactors
16 are illustrated by dotted lines in FIG. 3. Flow con-

strictor 40 achieves a similar result in a different man-
ner by increasing the turbulence of the flow of the
liquid coolant and its velocity in proximity to the areas
of flexible walls 42, 44 in the vicinity of rod 40, which
areas it should be noted are normal to the direction of
flow of the coolant. Mixing of the coolant induced by
the presence of rod 40 also lowers the temperature of
the coolant. Both techniques, i.e., concentrating fluid
flow by appropriate placement of fluid flow directing
means 48 in conduit means 36, 38 and the use of the
flow constrictors such as rod 40, increases heat transfer
efficiency; or to state it another way, they reduce the
effective thermal impedance of predetermined areas of
the flexible walls 42, 44 of heat exchanger 20 by in-
creasing the convection heat transfer coefficient be-
tween flexible walls 42, 44 and the coolant flowing
through chamber 46. Increasing the heat transfer effi-
ciency in the vicinity of the sources of the heat
mounted on heat sinks 10, 110 reduces the maximum
operating temperatures of the sources, if all other con-
ditions remain the same.

In a preferred embodiment end walls 32, 34, side
walls 36, 38, rod 40 and flexible walls 42, 44 were all
made of copper which is soldered together to form heat
exchanger 20. The end walls 32, 34 were made of flat
copper stock having dimensions of 36 inch X % inch and
side walls 36, 38 were made of 3 inch ocutside diameter
copper tubing. Rod 40 was made of % inch outside
diameter copper tubing. Flexible walls 42, 44 were
made of copper sheets from 10 to 16 mils thick. Form-
iIng the heat exchanger 20 out of one type of metal,
copper in the preferred embodiment, avoids any prob-
lem that could arise due to galvanic corrosion. Qbvi-
ously other matenals can be used such as aluminum,
silver, or stainless steel, for example. It is also possible
that the side walls 32, 34 and the fluid conduit means
36, 38 could be made of a suitable non-electrical con-
ductor such as plastic.

In operation the plates 10, 110 and the insulating
layers 26, 126 and the heat exchanger 20 are securely
fastened together by fastening means 28, 30. Water,
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the preferred liquid coolant, is supplied to inlet 22 and
flows through chamber 46 of heat exchanger 20 and
out of it through outlet 24. Openings 48 and flow con-
strictor 40 are located so that the areas of maximum
heat transfer efficiency are located in proximity to the
heat sources mounted on plates 10, 110. Pressure of
the water flowing through heat exchanger 20 presses
the flexible walls 42, 44 firmly against the electrical
insulation 26, 126 and against heat sinks 10, 110 to
assure minimal thermal impedance between the heat
sinks 10, 110 and the liguid coolant in heat exchanger
20. The flexibility of walls 42, 44 assure that any di-
mensional changes, due to temperature for example, do
not have a deleterious impact on thermal impedance.
Further such flexible walls eliminate the requirement
for a high degree of flatness or planarity of the surfaces
18 of the heat sinks 10, 110. It should be noted that the
locations of the sources of heat on plates 10, 110 are
similar in the embodiment illustrated. This 1s not a
necessary requirement but it is preferable for the major

sources of heat to be located in the vicinity of areas of

high heat transfer efficiency in order to mimimize their
operating temperatures.

The heat exchange medium or liquid can be almost
any suitable one such as silicone oil, ethylene glycol,
Freon 113 or water. While any of these coolants are
satisfactory, water is preferred because of its thermal
property. It permits lower pressures in the system, and
it does not have any deleterious effect on the flexible
walls 42, 44 of heat exchanger 20. To minimize corro-
sion and potential odor problems, sterihzed water 1S
used to which is added a conventional corrosion inhibi-

tor.

In a preferred embodiment the temperature of the
liquid coolant at inlet 22 was 30° C. This was chosen to
minimize the risk of moisture in the atmosphere con-
densing on heat exchanger 20 and conduits which are
not illustrated to connect it to a suitable source which
also is not illustrated. With the diodes and reactors
mounted on the plates 10, 110 producing around 500
watts for each heat sink, the maximum temperature rise
of the coolant in heat exchanger 20 was 8° C with a
flow rate of 0.5 gallon per minute. This was more than
adequate to maintain the maximum temperature of the
power diodes 10° C below their maximum allowable
operating temperature. It has been found that a pres-
sure of the liquid coolant of around § pounds per
square inch in heat exchanger 20 is adequate to cause
flexible walls 42, 44 to engage the insulating layers 26,
126 with sufficient force to minimize the thermal im-
pedance between the heat sinks 10, 110 and the heat
exchanger 20.

It will be apparent to those skilled in the art that the
disclosed liquid cooled heat exchanger for an elec-
tronic power supply may be modified in numerous ways
and may assume many embodiments other than the
preferred form specifically set forth above and de-
scribed above. Accordingly, it is intended by the ap-
pended claims to cover all modifications of the inven-
tion which falls within the true spirit and scope thereof.

What is claimed 1s:

1. In combination:

a plate formed of a thermal conductor, at least one

surface of said plate being substantially planar,
said plate adapted to have a heat source mounted on
it in a predetermined location other than on said

one surface;
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a heat exchanger having a substantially planar flexi-
ble wall made of a thermal conductor,

means for supplying and removing fluid under pres-
sure to and from said heat exchanger,

5  means for mounting the plate and heat exchanger n
substantially fixed relationship with one another
with the flexible wall of the heat exchanger adja-
cent said one surface of said plate; and

means in said heat exchanger to cause the velocity of
the liquid in said heat exchanger flowing over the
flexible wall to be greater in a predetermined area
corresponding to said predetermined location of
the heat source on said plate.

2. In combination:
a plate formed of an electrical and thermal conduc-

tor, at least one surface of said plate being substan-
tially planar, _

said plate adapted to have a plurality of heat sources
mounted on it in a predetermined pattern other
than on said one surface,

a heat exchanger having a substantially planar flexi-
ble wall made of a thermal conductor;

means for supplying and removing a liquid under

pressure to and form said heat exchanger;
a thin layer of electrical insulation;
means for mounting the plate, the electrical insula-
tion and heat exchanger in substantially fixed rela-
tionship with one another so that the electrical
insulation is between said one surface of said plate
and the flexible wall of the heat exchanger; and

means in said heat exchanger to cause the velocity of
the liquid in said heat exchanger flowing over the
flexible wall to be greater in predetermined areas
corresponding to said predetermined pattern of the
heat sources.

3. In an electrical power supply having a plate having
sides; said plate having sources of heat mounted on one
side, the other side having a substantially planar sur-
face; said mounting plate being a heat sink for said
sources of heat, the improvements comprising:

a heat exchanger having substantially rigid wall

means defining a periphery substantially located n
a plane, first and second fluid conducting means
being formed in portions of said wall means;

a flexible wall made of a thermal conductor con-

nected to the periphery of the wall means to define
a closed space adapted to contain a liquid under
pressure;
inlet means connected to said first fluid conducting
means, said inlet means adapted to be connected to
a source of liquid coolant under pressure;

outlet means connected to said second fluid conduct-
ing means through which liquid coolant can flow
out of the heat exchanger;

fluid flow directing means in said first and second

" fluid conducting means so that the stream lines of

fluid flow between the first and second fluid con-
ducting means have a predetermined pattern;

a thin layer of electrical insulation material; and

means for fixedly attaching the heat exchanger to the

plate with the electrical insulation material be-
tween the substantial planar surface of said plate
and the flexible wall means of the heat exchanger,
the pattern of stream lines in the heat exchanger
being such that the maximum velocity of fluid flow
occurs in those areas of the flexible surface closest
to the heat sources mounted on said plate.
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4. In an electrical power supply having a pair of

plates, each plate having at least two sides, sources of
heat being mounted on one side of each plate and the
other side of each plate having a substantially planar
surface, said mounting plates being a part of an electri-
cal circuit of the power supply and also being a heat
sink for said sources of heat mounted on them, the
improvements comprising:

a heat exchanger having substantially rigid wall 10
means defining two peripheries, each periphery
substantially defining a plane, first and second fluid
conducting means formed in portions of said wall
means,

a pair of flexible walls made of a thermal conductor 15
connected to the peripheries of the rigid wall
means to define a closed space adapted to contain
a liquid under pressure;

inlet means connected to said first fluid conducting
means, said inlet means adapted to be connected to
a source of liquid coolant under pressure;

outlet means connected to said second fluid conduc-
tor means through which liquid coolant can flow
out of the heat exchanger; . 25

openings formed in said first and second fluid con-
ducting means;

flow constrictor means mounted in said heat ex-
changer, said openings and constrictor causing the
distribution of the velocity of fluid flow between 3°
the first and second fluid conductor means to have
a predetermined pattern;

a pair of layers of electrical insulation:

means for fixedly attaching the plates to the heat 35
exchanger with the electrical insulation between
the substantial planar surfaces of said plates and
the flexible wall means of the heat exchanger so
that higher heat transfer efficiencies occur at areas
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of the flexible surfaces of the heat exchanger proxi-
mate the sources of heat mounted on said plates.

5. A heat exchanger comprising:

a pair of end walls;

a pair of tubes forming side walls;

a pair of thin flexible walls made of a thermal con-
ductor; .

said end walls, side walls and flexible walls forming a
hquid tight chamber; and

openings in said tubes within said chamber,

one of said tubes adapted to be connected to a source
of liquid under pressure and the other tube adapted
to be connected to means through which liquid can
be removed from said heat exchanger so that a
liquid coolant under pressure can flow through the
heat exchanger, said openings in said tubes being
located so that the stream lines of fluid flowing
between said tubes will have a predetermined pat-
tern.

6. A heat exchanger comprising:

a pair of end wallis;

a pair of tubes forming side walls;

a pair of thin flexible walls made of a thermal con-
ductor;

said end walls, side walls and flexible walls forming a
hiquid tight chamber; _

openings in said tubes within said chamber,

one of said tubes adapted to be connected to a source
of liquid under pressure and the other tube adapted
to be connected to means through which liquid can
be removed from said heat exchanger so that a
hquid coolant can flow through the heat ex-
changer, said openings being located so that the
stream lines of fluid flowing between said tubes will
have a predetermined pattern; and

flow constrictor means between said end walls to
increase the rate of fluid flow between the flow

constrictor and at least one of said flexible walls.
: L x » *
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